Introduction 58 59
Streams and rivers are among the most threatened ecosystems, having been modified globally by 60 catchment land-use changes, water abstraction, channelization, pollution and invasion of alien 61 species (Vörösmarty et al., 2010; Dudgeon et al., 2006) . Additionally, climate change is expected to 62 alter hydrology and temperature regimes with severe effects on organisms and ecosystem functions 63 (Ormerod and Durance 2012; Li et al., 2012; Floury et al., 2013) . This increasing impairment of 64 lotic ecosystems has promoted a growing effort into assessing their ecological status by means of 65 biological indicators and sentinel species (Friberg, 2014) . The classification of the ecological status 66 of rivers is officially based on the assemblage structure of key taxonomic groups (e.g., Hering et al., 67 associated with the local extirpation of sensitive taxa and overall changes in community 70 composition. This approach may not be suitable for identifying and monitoring the effects of short-71 term events such as droughts and floods or other sub-lethal episodic events, whose frequency and 72 magnitude is expected to increase in the near future (Ledger and Milner 2015) . Biomarker assays 73 (i.e. non-lethal responses of biological systems) are often used in eco-toxicological studies to assess 74 the effects of pollutants, but their potential for tracking environmental change in the field has 75 received little attention (Traversetti et al., 2017) . Ideally, integrating indicators in a hierarchical 76 fashion, from sub-organismal to organismal, population and community levels (Sures et al., 2015) 77 should improve the assessment of ecosystem health over multiple spatio-temporal scales 78 (Cajaraville et al., 2000; Lagadic et al., 2000; Colin et al., 2016) . 79 80 A promising approach is to use multiple indicators of stress in organisms (Frank et al., 2013) . 81
Multiple biomarkers may produce the benefit of integrating biological responses at different time 82 scales and levels of organisation (Den Besten, 1998; Lagadic et al., 2000; Scalici et al., 2015) . Two 83 potential biomarkers for measuring sub-lethal effects in stream macroinvertebrates are heat shock 84 proteins (HSP) and haemoglobin (Hb). HSP70 is a set of chaperon proteins involved in ensuring the 85 correct folding and unfolding of proteins, and its expression is rapidly regulated by changes in 86 physical (i.e. temperature) and chemical conditions (Lencioni et al., 2009; Lee et al., 2006) , but it is 87 not affected by handling stress (Sanders, 1993) . The expression of HSP70 is therefore considered a 88 short-term "early warning" indicator of environmental changes (Yoshimi et al., 2009; Folgar et al., 89 2015 We used a field experiment to test how HSP70 expression and Hb production were influenced by 103 short-term changes to temperature and oxygen concentration in a lowland stream. Laboratory-104 reared larvae of Chironomus riparius (Diptera, Chironomidae), a widespread species considered a 105 model organism in aquatic toxicology (Lee et Initial environmental conditions in June (Fig. 3) were assumed to be identical between the upstream 207 and downstream sites in August due to their close proximity and the lack of a dam. In August, mean 208 water flow, channel depth, dissolved oxygen, and conductivity varied after placement of the dam 209 and after heavy rain events (Appendix 4b, c, e, f). Flow, depth, and conductivity all decreased in 210
August and varied between reaches (Appendix 4c, f), whereas oxygen increased substantially in the 211 upstream reach and less in the downstream reach, compared to June (Fig. 3a, Appendix 4b ). HSP70 212 expression in the upstream reach in June was stable after 24 and 96 hours but increased at 192 hours 213 in June. Expression peaked at 96 hours in both reaches in August, following a rapid change in T 214 (Fig. 3b) . The mixed effect model combining all data from June and August indicated significant 215 positive relationships between HSP70 expression and change in temperature (ΔT) and oxygen 216 (ΔO 2 ) over the previous 24 hr (Table 1) Hb concentrations in the upstream reach remained similar after 24, 48, and 96 hours and were 249 lowest after 192 hours in June, after a mild increase in dissolved O2. (Fig. 3c ). In August, Hb 250 declined steadily over 24, 28, and 96 hours in both reaches. In the upstream reach, Hb continued to 251 decline after 192 hours during relatively stable O2 levels, but increased markedly in the 252 downstream reach following a peak and subsequent rapid decline in O2 after in 192 hours (Fig. 3c) . 253
The mixed effect model indicated that Hb content increased with decreasing oxygen concentration 254 (O 2 ) ( Table 1) . 255 256
Discussion 257
We applied an eco-toxicological stress-response approach to a field experiment in order to examine 258 how changes in water temperature and dissolved oxygen concentration influenced two 259 physiological biomarkers in a model organism. Our markers were chosen to reflect short-term 260 in dynamic systems such as small waterbodies, environmental parameters like temperature and 279 oxygen vary slightly but continuously, causing an increase of the long-term memory formation as 280 an adaptive response of the organisms (Foster et al., 2015) . Memory formation increases synaptic 281 efficacy and improves the adaptive responses to stress conditions including the basal mRNA transcriptional system (Stork and Welzl, 1999, Monari et al., 2011) in which HSP70 are also 283 included. This further supports the suitability of the HSP70 as multi-stressors indicator. 284
285
In this study, haemoglobin concentration was related to oxygen concentration, but not to water 286 temperature. Results from other studies indicate that the tolerance of C. riparius larvae to low levels 287 of dissolved oxygen is associated with increased heamoglobin in their hemolymph (Weber, 1980; 288 Choi et al., 2000) , which allows sustaining aerobic and anaerobic metabolism (alcoholic 289 fermentation) at the same time for short periods (Frank, 1983) . Under hypoxic conditions, Hb 290 synthesis is stimulated and used for aerobic metabolism (Choi et al., 2000; Lee et al., 2006; Rossaro 291 et al., 2007) . This process likely occurred in our experiment where the observed depletion in 292 oxygen concentration induced synthesis of Hb in C. riparius larvae. Nonetheless, tolerance to low 293 oxygen is not only related to total Hb, but also to a more efficient uptake (binding to Hb; Bohr 294 effect) and release of oxygen to the cell (Root effect). However, we cannot discern from our data 295 whether increased efficiency played a role. The synthesis of HSP70 and Hb are likely linked, 296 because temperature and oxygen concentration are closely interconnected. Our results suggest that 297 the responses of HSP70 and Hb to environmental change represent an integrated process in which 298 HSP70 increased as a direct consequence of increased temperature. Subsequently, increased 299 temperatures likely led to a decline in Oxygen concentration that promoted additional synthesis of 300 Hb. 301
302
In conclusion, we suggest that the sub-lethal stress response at multiple markers make C. riparius a 303 suitable biological tool for the assessment of short-term, sub-lethal effects of environmental change 304 in the field. The different temporal scales involved in the response of the two markers indicate that 305 a variety of impacts could be assessed prior to local extinction. Because the frequency of extreme 306 hydrological events is likely to increase in the future owing to global climate change, 'early-307 warning' indicators could allow the rapid assessment of environmental degradation. As more 308 genomic data are made available, our approach could be extended to other taxonomic groups with 309 different environmental requirements and additional genetic markers. 
